Abstract
cell by exocytosis (Samuel and Diamond, 2006) . WNV replication appears dependent on the availability of host 
7
In the present study, we examined LC3-II expression, a marker for autophagosomal membranes, in 
21
Mouse anti-LC3, rabbit anti-LC3, and rabbit anti-ATG5 polyclonal antibodies were purchased from MBL
22
(Nagoya, Japan 
12
To observe viral antigen positive cells, SK-N-SH cells were seeded at 200,000 cells per well in a 24-well dish, in
13
which each well contained a 12-mm cover glass, and the cells were then WNV inoculated (MOI = 0.01) for 6 h. The
14
WNV infected and mock-infected cells were fixed with 4% paraformaldehyde for 10 min, before washing with PBS.
15
The cells were permeabilized in 100 µg / ml digitonin for 15 min, blocked with 1% bovine serum albumin 
19
The cells were then observed using a Zeiss 780 LSM confocal microscope (Jena, Germany).
20
Immunopositive foci were confirmed by observing each cover glass. 
24
Transfected Atg5 -/-MEFs were infected with WNV (MOI = 0.01) at 24 hpt, and culture supernatants were 25 harvested at 48 hpi and relative viral titers were measured by plaque assay.
27

WNV-RVPs preparation
28
HEK-293T cells were cultured in 100-mm dishes and were transfected with 6 µg pWNIIrep-GFP and 18 µg 29 8 pCXSN-CME using Lipofectamine 2000 according to the manufacturer's instructions (Life Technologies).
1
After 48 h, supernatants were collected and cell debris was removed with 0.45 µm pore size filters.
2
Supernatants containing WNV-RVPs were purified with a sucrose gradient [8 ml 10% sucrose in 50 mM 
25
Endogenous control primers and probes for mouse actin were purchased from Applied Biosystems (Foster City,
26
CA). by WNV infection. LC3-II levels were increased in inhibitor-treated SK-N-SH cells (Fig. 1d, lanes 2 and 4) . At 6 hpi,
21
increased LC3-II levels were observed in WNV-infected cells compared with those of mock-infected cells (Fig. 1d, 
22
lanes 1 and 3) and in inhibitor-treated WNV-infected cells compared with non-treated WNV-infected cells (Fig. 1d, 
23
lanes 3 and 4). WNV infection was confirmed by RT-PCR by amplifying the WNV genome (Fig. 1d) . Densitometry
24
analysis of the LC3-II band, corrected for actin, also showed that LC3-II levels were significantly increased in
25
WNV-infected cells compared with mock-infected cells and in inhibitor-treated WNV-infected cells compared with
26
inhibitor-treated mock-infected cells (Fig. 1e) . In addition, inhibitor-treated WNV infected cells had significantly
27
higher levels of LC3-II compared with non-treated WNV-infected cells (Fig. 1e) . Together, these results suggest that 
20
ATG5 to ATG12 and LC3 conversion (LC3-I to LC3-II) were observed (Fig. 2b, lane 3) , although conjugation and 21 conversion were weaker than observed for Atg5 +/+ MEFs (Fig. 2b, lanes 1 and 3) . The K130R mutant did not
22
conjugate with ATG12 and was incapable of LC3 conversion, while expression of ATG5 was observed (Fig. 2b, expressing WT ATG5 compared with the viral titer in MEFs transfected with a control plasmid (Fig. 2c) . In contrast,
25
the viral titer in the culture supernatants of MEFs transiently expressing the ATG5 K130R mutant was similar to that 26 of control MEFs (Fig. 2c) . Together, these results suggest that autophagy plays an antiviral role in WNV replication.
28
Autophagy inhibits WNV genome replication and gene expression
29
We next examined which stages in the replication cycle of WNV are affected by autophagy. Because Tat-beclin 1, 1 an autophagy-inducing peptide, is known to inhibit WNV replication (Shoji-Kawata et al., 2013), we used this 2 peptide to induce autophagy. We also used a Tat-scrambled peptide as a control. We initially examined the kinetics 3 autophagy induction by Tat-beclin 1 peptide in HeLa cells (Fig. 3a) , as well as the recovery times after removing the 4 peptides by washing with PBS (Fig. 3b) . LC3-II expression was increased 1 h after Tat-beclin 1 peptide treatment 5 (Fig. 3a) . These results indicate that 1 h incubation with the Tat-beclin1 peptide was sufficient to induce autophagy in
6
HeLa cells. We next examined LC3-II expression levels 1 and 3 h after the removal of the peptides by washing the
7
HeLa cells with PBS ( Fig. 3b) . At 1 h after washing with PBS, LC3-II expression was not so different between in 8
Tat-beclin 1 peptide-treated cells, compared with that in Tat-scrambled peptide-treated cells (Fig. 3b) . By 3 h after
9
washing with PBS, the LC3-II expression levels were similar in Tat-beclin 1 peptide-treated cells and the
10
Tat-scrambled-treated cells (Fig. 3b) . These results indicate that the induction of autophagy through Tat-beclin 1
11
peptide treatment of HeLa cells had recovered by 3 h after the removal of the peptide. To examine whether 12 autophagy affects WNV during the early or late stages of infection, HeLa cells were treated with Tat-scrambled or
13
Tat-beclin 1 peptide at pre- (Fig. 3c) or post-infection (Fig. 3d ) for 3 h, the viral titers of the culture supernatants were 14 quantified using a plaque assay ( Fig. 3c and 3d) . To remove the peptides and the viruses which were not attached to
15
HeLa cells, the cells were washed using PBS at 1 hpi and 3 h after the peptide incubation. Because it is difficult to 16 measure viral titer in the supernatants of WNV-infected HeLa cells at low MOI (≤ 0.1) using a plaque assay, we 17 applied WNV at a MOI of 1 in this study. Tat-beclin 1 peptide treatment prior to WNV infection did not change the 18 viral titer (Fig. 3c) . In contrast, Tat-beclin 1 peptide treatment resulted in a significant reduction in the viral titer when 19 the peptide was added at 3 hpi (Fig. 3d) . These results suggested that autophagy inhibits the WNV infection at 36 20 hpi, and not at the entry stage.
21
WNV-RVPs were used to examine whether autophagy affected WNV genome replication, gene expression, or (Fig. 4a) . In addition, the ratio of GFP-positive cells in Atg5 -/-MEFs was significantly higher than that
12
in Atg5 +/+ MEFs (Fig. 4b) (Fig. 4c) . This result provides convincing 6 evidence that WNV genome replication is suppressed by autophagy. 
20
There was no difference in supernatant viral titers between Atg5 +/+ MEFs and Atg5 -/-MEFs at 72 hpi, although a 21 significant difference was observed at 24 and 48 hpi (Fig. 2b) . In addition, cytopathic effects (CPE) induced by WNV 
24
It is unknown whether the antiviral effects of autophagy are restricted to the capture of newly synthesized viral
25
proteins and viral genomes of WNV or whether WNV can also be targeted to autophagosomes during cellular entry.
26
Our results showed that WNV infection increases LC3-II expression at 6 hpi, whereas an increase in LC3-II 27 expression was not observed at 1 hpi (Fig. 1c) . Increased LC3-II expression was due to an increase in autophagy 
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The bar graph represents relative LC3-II band densities that were normalized for actin band densities. Data represent
13
mean values ± SD of three independent experiments. Statistical significance was assessed using the Student's t-test,
14
and is indicated by asterisks (*p<0.05 and **p<0.01). 
